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Abstract- Reactive power distribution significantly 

affects the security and the economic performance of the 

power systems. Although the reactive power generation 

does not cause any cost in the operation phase, but it 

affects the whole cost by increasing the system losses. 

The reactive power optimum distribution is a sub-

problem of the optimum power flow (OPF). Improving 

voltage quality and reducing power loss were the main 

goals of power system reactive optimization. Static 

voltage stability margin is an important index of power 

system safety. A new proposed optimization had been put 

forward in this paper. In order to put the variables in the 

allowable limits, had employed for this purpose the limit 

accept block, until controlled input variable on allowable 

Limits. The goal of this method was giving consideration 

to reducing power loss and increasing static voltage 

stability margin. The result of simulation showed this 

method is very effective. 

 

Keywords: Optimal Reactive Power Dispatch, Power 

System Stability, Power System Loss, PSO. 

 

I. INTRODUCTION 

The optimal power flow (OPF) problem, which was 

proposed about 50 years ago by Carpentier, is one of the 

major issues in power-systems operation (ORPD) [1-3], 

which can be divided this problem into two sub problems, 

optimal real power dispatch and optimal reactive power 

dispatch  [4-6]. Optimal reactive power dispatch in power 

systems is concerned with the security and economy of 

the power system operation.  

The reactive power dispatch is used in order to keep 

all voltages within the limits and minimize real power 

transmission losses. Therefore, the optimal reactive 

power dispatch problem is a highly large-scale nonlinear 

constrained optimization problem. 

The basic objective is to find proper adjustments of 

the control variables, such as generator voltages, shunt 

capacitors and inductors that would maintain acceptable 

voltage stability and minimize power losses.  

Several mathematical models and conventional 

techniques such as gradient-based optimization 

algorithms, linear programming, interior point method 

and Newton method have been applied to solve the OPF 

problem [7, 8]. But the mentioned methods suffer from 

severe limitations in handling non-linear, discrete-

continuous functions, and constraints [9]. Therefore, the 

conventional optimization methods are not suitable to 

solve the ORPD problem.  

In order to overcome the limitations of classical 

optimization techniques, a wide variety of the heuristic 

methods have been proposed to solve the ORPD problem 

such as genetic algorithm (GA) [10, 11], simulated 

annealing (SA) [12, 13], Tabu search (TS) [14], 

differential evolution (DE) algorithm [15, 16], harmony 

search (HS) algorithm [17], biogeography based 

optimization (BBO) [18, 19] and particle swarm 

optimization (PSO) [20].  

The reported results are promising and encouraging 

for further research in this field. In recent years, multi-

objective optimization approaches for reactive power 

control have become popular. But, the attention has been 

focused upon power losses and voltage deviation.  

In this paper, the OPF is formulated as a multi-

objective optimization problem. The objectives consist of 

two important terms, i.e., the total real power loss, Power 

System Stability. The modified artificial MPSO 

algorithm is tested on the standard IEEE 30-bus test 

systems. Simulation results prove the effectiveness of the 

proposed method. 

The rest of this paper is organized as follows: Section 

II presents the mathematical formulation of the multi-

objective OPF problem. Section III introduces PSO and 

Non-dominating sorting strategy. In Section IV, the 

MPSO algorithm is described in detail. Simulation results 

are provided in Section V. Finally, the paper is concluded 

in Section VI. 
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II. MODEL 

 

A. Problem Formulation 

The purpose of the OPF problem is to determine the 

optimal control variables for minimizing one or more 

objective functions subject to the several equality and 

inequality constraints. The OPF problem can be 

formulated as 

1

2

( , )

( , )
min{ ( , ) }; 1,2,...,

( , )

obj

n

f x u

f x u
F x u n N

f x u

   (1) 

where 1f  is the ith objective function, objN is the number 

of objective functions. The vector of dependent and 

control variables are denoted by x and u, respectively. 

The slack bus active power GP , load voltages V , 

reactive powers of generators GQ  and transmission line 

loadings S are the dependent variable vector. 

( , , , )G G shu P V T Q  (2) 

( , , , )
refG Gx P V Q  (3) 

The control variable vector consists of real power 

outputs except at the slack bus, generator voltages GV , 

transformer tap settings T, and reactive power injections

shQ . 

 

B. Objective 

 

B.1. Voltage Stability 

Among the different indexes for voltage stability and 

voltage collapse prediction, a fast indicator of voltage 

stability, L-index, presented by Kessel and Glavitsch 

[21], is chosen as the objective for the voltage stability 

index. 

Besides the fast calculation time needed to evaluate 

each load bus steady state voltage stability level, the 

chosen index can also take into account generator buses 

reaching reactive power limits. The L-index value ranges 

from 0 (no load of system) to 1 (voltage collapse). The 

bus with the highest L-index value will be the most 

vulnerable bus and hence this method helps identifying 

the weak areas needing critical reactive power support in 

the system. The general theory and algorithm of the index 

is summarized as following [22, 23]. 

1
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     (4) 

The matrix F is computed as follows: 

 
1

ij LL LGF Y Y


                                                          (5) 

where  LLY  and LGY   are submatrices of the Y bus 

matrix. The L indices for the given load condition are 

computed for all load buses and the maximum of L-

indices gives the proximity of the system to voltage 

collapse. 

A global indicator (L) describes the stability of the 

whole system which is calculated by the following 

equation: 

max( ) ,  j jL L j    (6) 

In practice, L must be lower than a given threshold value. 
The predetermined threshold value is specified depending 
on the system configuration and on the utility policy 
regarding service quality and allowable margin [22]. 
Therefore, the minimization of the L value is considered 

as an objective function. 
 

B.2. Minimization of Transmission Loss 

The active power losses in a transmission network can 

be described as follows [21, 24]: 

2 2

1

[ 2 ( )]
LN

Loss k i j i j i j
k

P g V V VV Cos  


     (7) 

where kg  is the conductance of kth branch, iV , jV , i  

and j  are the voltage magnitudes and phase angles of 

terminal buses of branch k. 
 

C. Constraints 

Power balance is equality constraint. In other word, 

the total power generation must cover the total demand 

and total real power loss in transmission lines ( LossP ). 

The proposed problem has some equality and inequality 

constraints. Equality constraints reflect the physics of the 

power system, expressed as [23]: 

1
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     (9) 

Inequality constraints reflect the limits of physical 

devices in the power system as well as the limits created 

to ensure system security, expressed as 
min max , 1,2,...,
i i iG G G GV V V i N    (10) 

min max , 1,2,...,
i i iG G G GP P P i N    (11) 

min max , 1,2,...,
i i iG G G GQ Q Q i N    (12) 

min max , 1,2,...,
i i ish sh sh GQ Q Q i N    (13) 

min max , 1,2,...,i i i GV V V i N    (14) 

                

III. OPTIMIZATION 
 

A. Particle Swarm Optimization 

PSO [25] is one of the methods among the many 

smart methods for solving the optimization problems that 

was first introduced as an optimization method by 

Kennedy and Eberhart and it is inspired by the birds 

wings. In the PSO algorithm, each particle has a value 

that is called fitness and it is calculated by the fitness 

function. This fitness is measured by the amount of the 

closeness to the target. Basically the beginning of the 

PSO is in a way that a group of particles are randomly 

created and in each level, each particle is optimized by 

the use of two optimum values. 
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The first value is called the best personal experience 

or the “pbest”. The other best result which is used is the 

best position that is gained by a group of particles and it 

is called the “gbest”. The equation of the velocity 

updating [25]: 
1

1 1

2 2

( )

( )

k k k
i i i i

k
i i

V V C rand pbest s

C rand gbest s

     

 
 (15) 

The role of the weigh parameter in converging the 

algorithm is so important, because it is used for affecting 

the velocity at the present moment by the velocity of the 

previous moment. The equation of the position updating: 
1 1k k k

i i is s v    (16) 

Step 1) Assuming primary values for parameters like: 

congestion, the weigh function, the accelerator function 

and etc. The primary search ( 0
is ) and 0

iv are randomly 

selected for the N generating units. These primary 

particles are to create the possible solutions according to 

the possible operational limitations. 

Step 2) Calculating the value of PGi core in the global 

particle 

Step 3) Comparing the value of fitness for each particle, 

using its “pbest”. The best “pbest” is used as the “gbest”. 

Step 4) V, the velocity of each particle according to the 

updating. 

Step 5) The value of the position “s” is used as the 

changed position of each particle. 

Step 6) If the value of the fitness is better than the value 

of “pbest”, the value of “pbest” is replaced by the present 

value of the function. Also, if the value of the “pbest” is 

better than the value of the present “gbest”, then it is 

replaced by its best amount and this best amount is 

stored. 

Step 7) If the number of repetitions has reached to the 

preserved value, it goes to the step 8, otherwise it goes to 

the step 2. 

Step 8) The particle that has generated the last “gbest”, is 

the most optimum generated power of each unit with the 

less total generation cost. 

 

 
 

Figure 1. Behavior of PSO Algorithm 

 

The steps mentioned above are shown briefly in the 

flowchart below: 

 

B. Multi-Objective Optimization  

Multi-objective optimization refers to the 

simultaneous optimization of multiple conflicting 

objectives, which produce a set of alternative solutions 

called the Pareto optimal solutions. The Pareto method 

determines a set of solution for multi objective problems 

using the dominance concept. 

 
 

Figure 2. The steps of PSO 

 

The population is initialized as PSO. Once the 

population in initialized the population is sorted based on 

non-domination solutions into each front.  

0 00( ) : :i i i iX Y XdomY i X Y i X Y     (17) 

The first front being completely non-dominant set in 

the common population and the second front being 

dominated by the individuals in the first front only and 

the front goes so on. Each individual in the each front are 

given rank (fitness) values. Individuals in first front are 

given a rank value of 1 and individuals in second are 

assigned rank value as 2 and so on. 

In addition to the fitness value, a new parameter 

called crowding distance is calculated for each individual. 

The crowding distance is a measure of how close an 

individual is to its neighbors. In the other word, the 

crowding distance di of point i is a measure of the 

objective space around i which is not occupied by any 

other solution in the population. Here, we simply 

calculate this quantity di by estimating the perimeter of 

the cuboid (Figure 3) formed by using the nearest 

neighbors in the objective space as the vertices (18). 

 

 
Figure 3. Behavior of crowding distance 
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Parents are selected from the population by using 

tournament selection based on the rank and crowding 

distance. An individual is selected in the rank is lesser 

than the other or if crowding distance is greater than the 

other. The selected population generates child from kind 

of crossover and mutation operators. 

The population with the common population ( tP ) and 

current child ( tQ ) is sorted again first crowding distance 

then based on non-domination (rank) and only the best N 

individuals are selected. The selection is based on rank 

and then on crowding distance on the last front (Figure 4). 

 

 
 

Figure 4. The selection 

 

IV. PROPOSED MPSO ALGORITHM FOR 

SOLVING PROBLEM 

In this study, an innovative approach based on PSO 

was chosen for solving the ORPD problem. For 

maintaining the variables in allowable limits, a limit accept 

block had been employed for this purpose (Figure 5). 

We do according to the following method: 

Step 1) at first, all the units should give their minimum 

amount and after that a unite is chosen.  

Step 2) According to the random function one of them is 

selected. Then the utilized value, is added in to the 

primary value that was set it first step. If this action does 

not violate condition “11” and that the amount of 

1
( )gN

i ii
F P

  is less than DP , then adding the constant 

value is accepted  and proceeding to the Step 3 is 

approved, otherwise the constant value is reject and 

repeated. 

Step 3) If the is not violated, then proceeding to the next 

level is approved, otherwise going to the Step 2 is 

mandatory. 

Step 4) The primary amounting is done. 

Step 5) Chose another unite, i.e. Go to Step 1. 

We should do the same guess algorithm in a 

decreasing way, in which we give the maximum amount 

of units to them and we do the same steps in the 

decreasing route. 

 

V. SIMULATION RESULTS AND CONCLUSION 

The Proposed PSO algorithm was coded in the 

MATLAB, and executed on Intel core i5 2.5 GHz PC, 

with 6 GB of RAM. The test was performed on the IEEE 

30-bus system which has 41 transmission lines and the 

system demand is 283.4 MW in all simulations. The 

simple line diagram of IEEE 30-bus test system is shown 

in Figure 6. 

 
 

Figure 5. The brief of Method 

 

 
 

Figure 6. Topology of the IEEE 30-bus 

 
Table 1. Variables for best solution 

 

Control 

Variables 

Optimal control variable settings 

Best PL (MW) Best Voltage Stability 

P1 26.2441 53.6908 

P2 27.1431 29.6772 

P5 95.9255 56.9856 

P8 40.1907 34.4360 

P11 60.5662 41.9253 

P13 35.3028 70.5632 

V1 1.0479 1.0131 

V2 1.0415 1.0171 

V5 1.0355 1.0342 

V8 1.0439 1.0514 

V11 1.0195 1.0135 

V13 1.0877 1.0596 

t11 0.9559 1.0194 

t12 0.9576 0.9561 

t5 1.0012 1.0097 

t36 0.9631 1.0173 

Qc10 12.6308 10.9464 

Qc12 15.8400 12.1170 

Qc15 23.1463 17.8243 

Qc17 15.0704 20.9365 

Qc20 12.9537 8.5345 

Qc21 8.7276 21.4836 

Qc23 15.2271 9.0910 

Qc24 13.5628 6.4339 

Qc29 11.3905 8.9282 

PL (MW) 1.9753 3.881269 

Voltage Stability 0.0758 0.023055 
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MATPOWER4.1 is a package of MATLAB m-files 

for solving power flow and optimal power flow 

problems. It is intended as a simulation tool for 

researchers and educators which will be easy to use and 

modify. Best Simulation results for each of Objective are 

reported in Table 1.  

 

VI. CONCLUSIONS 

From the result seen in Table 2, it is obvious that, the 

MPSO method obtains lower power loss and Voltage 

stability than the EA [24], PSO [25], CA [25], EGA-

DQLF [26], FAPSO [27], OSAMGSA [28], GSA [29], 

CLPSO [30], PSO [30], BBO [31], SARGA [32], etc. 

method, thus resulting in the higher quality solution 

method. 
One of the goals of the reactive power programming 

is to reach the increase in the power system stability 

margin. This studying is accomplished in a way that the 

voltage stability margin is being set to an appropriate 

amount by using the least new reactive power resources 

corresponding to the probable disturbances. 

A MPSO is presented in this paper to solve the multi 

objective problems The main goal is to determine the 

optimal combination of power outputs for all generating 

units that minimizes the total Power loss and in other side 

give the upper voltage stability  while satisfying load 

demand(active and reactive) and operating constraints. 

This problem has been formulated as multi objective 

optimization problem.  

In this paper, MPSO multi objective Optimization 

with Pareto optimal non-dominated solutions, a stochastic 

optimization technique was employed to obtain the 

optimum values of the reactive power variables applied to 

standard IEEE systems to show advantages of proposed 

algorithm. 

The results show that the proposed algorithm provide 

a accurate algorithm to tackle efficiently the difficult 

problem. It is observed that obtaining the global optimal 

solution is possible by using the proposed algorithm. 

Numerical experiments demonstrate that the proposed 

algorithm is more practical and valid than many existing 

techniques for the solution of the problem. 

 
Table 2. Convergence results 

 

Objective 
Method 

Voltage Stability Ploss (MW) 

- 5.1065 EA [24] 

- 5.0938 PSO [25] 

- 5.0933 CA [25] 

0.10402 - EGA-DQLF [26] 

0.1238 - FAPSO [27] 

0.1036 5.0713 OSAMGSA [28] 

0.1828 4.6501 [23] 

0.2027 20.8074 [23] 

0.141090 4.514310 GSA [29] 

0.1230 4.5615 CLPSO [30] 

0.1423 4.6282 PSO [30] 

- 4.5511 BBO [31] 

- 4.57401 SARGA [32] 

- 2.6629 C-PSO [33] 

- 2.1070 B-DE [33] 

- 2.0673 MABC [33] 

0.075796 1.9753 MNSAGA-II (Best Ploss) 

0.02305 3.881269 MNSAGA-II (Voltage Stability) 

REFERENCES 

[1] T. Niknam, M.R. Narimani, R. Azizipanah-
Abarghooee, “A New Hybrid Algorithm for Optimal 
Power Flow Considering Prohibited Zones and Valve 

Point Effect”, Energy Conversion Management, Vol. 58, 
pp. 197-206, June 2012. 
[2] K. Zehar, S. Sayah, “Optimal Power Flow with 
Environmental Constraint Using a Fast Successive Linear 
Programming Algorithm: Application to the Algerian 
Power System”, Energy Conversion Management, Vol. 

49, No. 11, pp. 3361-3365, 2008. 
[3] T. Niknam, M.R. Narimani, J. Aghaie, M. 
Nayeripour, “Modified Honey Bee Mating Optimization 
to Solve Dynamic Optimal Power Flow with Considering 
Generator Constraints”, IET Generation, Transmision, 
Distrib., Vol. 5, No. 10, pp. 989-1002, 2011. 

[4] L. Shi, C. Wang, L. Yao, Y. Ni, M. Bazargan, “Optimal 
Power Flow Solution Incorporating Wind Power”, IEEE 
Syst. J., Vol. 6, No. 2, pp. 233-241, June 2012. 
[5] R. Effatnejad, H. Aliyari, H. Tadayyoni, A. 
Abdollahshirazi, “Novel Optimization Based on the Ant 
Colony for Economic Dispatch”, International Journal on 

Technical and Physical Problems of Engineering (IJTPE), 
Issue 15, Vol. 5, No. 2, June 2013. 
[6] W. Yan, S. Lu, D.C. Yu, “A Novel Optimal Reactive 
Power Dispatch Method Based on an Improved Hybrid 
Evolutionary Programming Technique”, IEEE Trans. 
Power Syst., Vol. 19, No. 2, pp. 913-918, 2004. 

[7] J.A. Momoh, M.E. El-Hawary, R. Adapa, “A Review 
of Selected Optimal Power Flow Literature to 1993 - Part 
I: Nonlinear and Quadratic Programming Approaches”, 
IEEE Transactions on Power Systems, Vol. 14, pp. 96-
104, 1999. 
[8] J.A. Momoh, M.E. El-Hawary, R. Adapa, “A Review 

of Selected Optimal Power Flow Literature to 1993 - Part 
II: Newton, Linear Programming and Interior Point 
Methods”, IEEE Transactions on Power Systems, Vol. 
14, pp. 105-111, 1999. 
[9] A. Khorsandi, A. Alimardani, B. Vahidi, S.H. 
Hosseinian, “Hybrid Shuffled Frog Leaping Algorithm 

and Nelder-Mead Simplex Search for Optimal Reactive 
Power Dispatch”, IEE Proceedings on Generation, 
Transmiss. and Distribution, Vol. 5, pp. 249-256, 2011. 
[10] L.L. Lai, J.T. Ma, R. Yokoyama, M. Zhao, 
“Improved Genetic Algorithm for Optimal Power Flow 
under Both Normal and Contingent Operation States”, 

Electrical Power and Energy Systems, Vol. 19, pp. 287-
292, 1997. 
[11] A.G. Bakirtzis, P.N. Biskas, C.E. Zoumas, V. 
Petridis, “Optimal Power Flow by Enhanced Genetic 
Algorithm”, IEEE Transactions on Power Systems, Vol. 
17, pp.  229-236, 2002. 

[12] C.A. Roa Sepulveda, B.J. Pavez Lazo, “A Solution 
to the Optimal Power Flow Using Simulated Annealing”, 
Elect. Power and Ener. Syst., Vol. 25, pp. 47-57, 2003. 
[13] T. Sousa, J. Soares, Z.A. Vale, H. Morais, P. Faria, 
“Simulated Annealing Metaheuristic to Solve the Optimal 
Power Flow”, IEEE Power and Energy Society General 

Meeting, pp. 1-8, 2011. 
[14] M.A. Abido, “Optimal Power Flow Using Tabu 
Search Algorithm”, Electric Power Components and 
Systems, Vol. 30, pp. 469-483, 2002. 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 20, Vol. 6, No. 3, Sep. 2014 

 108 

[15] S. Sayah, K. Zehar, “Modified Differential Evolution 
Algorithm for Optimal Power Flow with Non-Smooth 
Cost Functions”, Energy Conversion and Management, 
Vol. 49, pp. 3036-3042, 2008. 
[16] M.R. Nayak, K.R. Krishnanand, P.K. Rout, 
“Modified Differential Evolution Optimization Algorithm 
for Multi-Constraint Optimal Power Flow", International 
Conference on Energy, Automation, and Signal (ICEAS), 
pp. 1-7, 2011. 
[17] S. Sivasubramani, K.S. Swarup, “Multi-Objective 
Harmony Search Algorithm for Optimal Power Flow 
Problem”, Electrical Power and Energy Systems, Vol. 33, 
pp. 745-752, 2011. 
[18] P.K. Roy, S.P. Ghoshal, S.S. Thakur, “Biogeography 
Based Optimization for Multi-Constraint Optimal Power 
Flow with Emission and Non-Smooth Cost Function”, 
Expert Systems with Applications, Vol. 37, pp. 8221-
8228, 2010. 
[19] R. Rarick, D. Simon, F.E. Villaseca, B. 
Vyakaranam, “Biogeography Based Optimization and the 
Solution of the Power Flow Problem”, IEEE International 
Conference on Systems, Man and Cybernetics (SMC 
2009), pp. 1003-1008, 2009. 
[20] M.A. Abido, “Optimal Power Flow Using Particle 
Swarm Optimization”, Electrical Power and Energy 
Systems, Vol. 24, pp. 563-571, 2002. 
[21] W. Zhang, Y. Liu, “Multi-Objective Reactive Power 
and Voltage Control Based on Fuzzy Optimization 
Strategy and Fuzzy Adaptive Particle Swarm”, Electric 
Power Energy Syst., Vol. 30, No. 9, pp. 525-532, 2008. 
[22] M. Abido, “Environmental/Economic Power 
Dispatch Using Multi-Objective Evolutionary 
Algorithms”, IEEE Transactions Power System, Vol. 18, 
No. 4, pp. 1529-37, 2003. 
[23] S. Durairaj, P.S. Kannan, D. Devaraj, “Application 
of Genetic Algorithm to Optimal Reactive Power 
Dispatch Including Voltage Stability Constraint”, Journal 
of Energy & Environment, Vol. 4, pp. 63-73, 2005. 
[24] M.A. Abido, J.M. Bakhashwain, “Optimal VAR 
Dispatch Using a Multiobjective Evolutionary 
Algorithm”, Int. J. Electr. Power Energy Syst., Vol. 27, 
No. 1, pp. 13-20, 2005. 
[25] J.G. Vlachogiannis, K.Y. Lee, “Coordinated 
Aggregation Particle Swarm Optimization Applied in 
Reactive Power and Voltage Control”, IEEE Power Eng. 
Soc. General Meeting, paper 06GM0780, 2006. 
[26] M. Sailaja Kumari, S. Maheswarapu, “Enhanced 
Genetic Algorithm Based Computation Technique for 
Multiobjective Optimal Power Flow Solution”, Electric. 
Power Energy Syst., Vol. 32, No. 6, pp. 736-742, 2010. 
[27] W. Zhang, Y. Liu, “Multiobjective Reactive Power 
and Voltage Control Based on Fuzzy Optimization 
Strategy and Fuzzy Adaptive Particle Swarm”, Electric 
Power Energy Syst., Vol. 30, No. 9, pp. 525-532, 2008. 
[28] T. Niknam, M.R. Narimani, R. Azizipanah 
Abarghooee, B. Bahmani Firouzi, “Multiobjective 
Optimal Reactive Power Dispatch and Voltage Control: 
A New Opposition-Based Self-Adaptive Modified 
Gravitational Search Algorithm”, IEEE Systems Journal, 
Vol. 7, No. 4, December 2013. 
[29] S. Duman, Y. Sonmez, U. Guvenc, N. Yorukeren, 
“Optimal Reactive Power Dispatch Using a Gravitational 

Search Algorithm”, IET Generation, Transmission & 
Distribution, Vol. 6, Iss. 6, pp. 563-576, 2012. 
[30] K. Mahadevan, P.S. Kannan, “"Comprehensive 
Learning Particle Swarm Optimization for Reactive 
Power Dispatch”, Appl. Soft Comput., Vol. 10, pp. 641-
652, 2010. 
[31] A. Bhattacharya, P.K .Chattopadhyay, “Solution of 
Optimal Reactive Power Flow Using Biogeography-
Based Optimization”, Int. J. Electr. Electron. Eng., Vol. 
4, No. 8, pp. 568-576, 2010. 
[32] P. Subbaraj, P.N. Rajnarayanan, “Optimal Reactive 
Power Dispatch Using Self Adaptive Real Coded Genetic 
Algorithm”, Electr. Power Syst. Res., Vol. 79, pp. 374-
381, 2009. 
[33] A. Khorsandi, S.H. Hosseinian, A. Ghazanfari, 
“Modified Artificial Bee Colony Algorithm Based on 
Fuzzy Multi-Objective Technique for Optimal Power 
Flow Problem”, Electric Power Systems Research, Vol. 
95, pp. 206-213, 2013. 

 

BIOGRAPHIES 
 

Hamed Aliyari was born in Tehran, 

Iran, 1990. He received the B.Sc. 

degree from University of Tehran, 

Tehran, Iran and the M.Sc. degree 

from Science and Research-Alborz 

Branch, Islamic Azad University, 

Karaj, Iran both in Power Engineering. 

His research interests are the 

application of heuristic optimization, economic dispatch, 

emission dispatch, power planning, and voltage stability 
 

Reza Effatnejad was born in Abadan, 

Iran on 14 December 1969. He has 

Ph.D. degree in Electrical Engineering 

and is an Assistant Professor in Karaj 

Branch, Islamic Azad University, 

Karaj, Iran. He has published more than 

42 papers in journals and international 

conferences, and three books in the 

fields of Energy Management, Energy Efficiency, Energy 

Conservation in industry and Building Sectors, Combined 

Heat and Power (CHP) and Renewable Energy. His fields of 

research areas include to labeling in home appliances and 

energy auditing in industry. 
 

Mehdi Savaghebi was born in Karaj, 

Iran, in 1983. He received the B.Sc. 

degree from University of Tehran, Iran, 

in 2004 and the M.Sc. and Ph.D. 

degrees with highest honors from Iran 

University of Science and Technology, 

Tehran, Iran in 2006 and 2012, 

respectively, both in Electrical 

Engineering. In 2010, he was a Visiting Ph.D. Student with 

the Institute of Energy Technology, Aalborg University, 

Aalborg, Denmark and also with the Department of 

Automatic Control Systems and Computer Engineering, 

Technical University of Catalonia, Barcelona, Spain. 

Currently, he is a lecturer in Electrical Engineering Dept., 

Karaj Branch, Islamic Azad University. His main research 

interests include distributed generation systems, microgrids 

and power quality issues of electrical systems. 
 


